Malignant catarrhal fever (MCF) in cattle is generally associated with a short clinical course and a high case fatality rate (90-95%). The lesions in cattle that survive acute MCF for a prolonged period or appear to recover have not been documented. In a naturally occurring outbreak of MCF in a herd of beef cattle in Wyoming, 7 of 84 yearling heifers (8.3% of replacement herd) and 2 of 230 cows (0.9% of cow herd) developed clinical signs of pyrexia, mucopurulent discharge, bilateral keratitis, and weight loss following contact with ewes that had lambed 34-62 days earlier. Six of 9 affected cattle were examined postmortem following clinical signs (CS) that developed 2-150 days earlier. Three cattle with CS for ≤ 39 days had lesions of regional lymphadenopathy and widespread severe segmental lymphoid arteritis-phlebitis that were typical of acute MCF, and proliferative intimal lesions were present in a small proportion of arteries at days 20 and 39 of CS. By contrast, 3 cattle that survived to 90, 105, and 150 days after clinical onset had distinctive arterial lesions in multiple organs, characterized by proliferative concentric fibrointimal plaques, disrupted inner elastic lamina, focally atrophic tunica media, and vasculitis of variable severity. Immunohistochemical and ultrastructural examination of intimal plaques identified the predominant cellular component to be smooth muscle cells with a contractile phenotype. No viral structures were seen. Serologic studies, using a competitive inhibition enzyme-linked immunosorbent assay (CI-ELISA) that detects antibody to an epitope broadly conserved among isolates of the MCF virus, found that 2 chronically affected cattle were serologically positive between days 42 and 100 of CS, with seroconversion in 1 animal between days 52 and 73 of CS. Seroprevalence was 7.9% in the 76 remaining healthy animals of the replacement heifer herd and 40% (75% in adult sheep and 4% in lambs) in the in-contact sheep flock 77 days after onset of CS in the index case. This episode suggests that, in addition to the common and well recognized acute form of MCF in cattle, this viral infection encompasses a disease spectrum that includes chronic disease and partial to "complete" clinical recovery, and in recovered animals chronic obliterative arteriopathy is the preeminent lesion. The MCF CI-ELISA may be helpful in identifying such cattle and in epidemiologic studies of MCF outbreaks.
Malignant catarrhal fever (MCF) is an acute fulminating disease of cattle and many wild ruminant speties. 36 The case fatality rate in susceptible species is high, 35 and the disease course is short once clinical signs (CS) develop. 36 Two epidemiologic forms of MCF in cattle are recognized. The wildebeest-associated form, which occurs in Africa and in zoological collections and game farms worldwide, is caused by a T-lymphotropic gammaherpesvirus (alcelaphine herpesvirus type 1 [AHV-1]) 7, 10, 48 Cattle become infected with AHV-1 following exposure to inapparently infected wildebeest calves, which shed cell-free virus in nasal and ocular secretions for a limited time. 2, 32 In the second form of MCF, epidemiologic evidence implicates sheep as carriers of the disease agent, 35 with transmission of the sheepassociated MCF (SA-MCF) agent to cattle around the time of lambing. There is considerable evidence that the SA-MCF agent is an AHV-1-like virus. 3, 9, 20, 27, 38, 42, 46 Although differences in transmissibility and incubation period exist between the wildebeest-and sheepassociated forms of MCF in cattle, 34 the resultant clinical disease and lesions are indistinguishable. 36 In spite of numerous experimental studies, the pathogenesis of the generalized vasculopathy and lymphoproliferation that characterizes acute MCF in cattle is unknown. There are few well-documented cases of cattle that Table 1 . Clinical, serologic, and pathologic findings in cattle in an outbreak of SA-MCF. have survived MCF following natural or experimental infection. 3, 4, 15, 21, 30 In a recent review, it was proposed that claims of "recovery" from MCF were diagnostic errors. 49 There are no published descriptions of the lesions in ruminants that survive acute disease, with the exception of a case report of a Formosan sika deer (Cewus nippon taiouanus) that recovered from acute MCF. 25 The purpose of this report is to document an outbreak of SA-MCF in which some cattle survived for an extended period after onset of CS and to characterize the distinctive proliferative intraarterial lesions found at necropsy. We also report the serologic responses of affected and unaffected cattle and of the incontact sheep on the premises, as detected by a recently developed competitive inhibition enzyme-linked immunosorbent assay (CI-ELISA) that detects an epitope that is broadly conserved among known isolates of the MCF virus, 27 including the WC-11 strain of AHV-1 and isolates from SA-MCF outbreaks in Austria 46 and Minnesota. 20 istered Rambouillet flock had been assembled from various sources over the previous 3 yr. Free-ranging mule deer (Odocoileus hemionus), pronghorn (Antilocapra americana), and elk (Cervus elaphus) also grazed the range. In previous years, there were few disease problems other than laboratory-confirmed parapox infection of sheep, ovine Chlamydial abortion, and pneumonia due to bovine respiratory syncytial virus. No MCF-like disease occurred prior to 1993.
Between February 1 and 28, 1993, the Rambouillet flock lambed in a paddock that was separated by a wire fence from a pasture containing the 84 replacement heifers. In previous years, neither the heifer nor the cow herds had contact with lambing ewes. Lambing was uneventful, and 25 healthy lambs were born to the 24 Rambouillet ewes. Between April 3 and May 28, 7 Charolais or Charolais-cross heifers (7/84; 8.3% ) and a Charolais cow (1/230; 0.4%) developed clinical signs suggestive of MCF (animal nos. [1] [2] [3] [4] [5] [6] [7] [8] . A second cow (no. 9) that developed bilateral epiphora and corneal clouding for approximately 2 mo (June-July) recovered without treatment and subsequently developed fatal dysentery over a 7-day period in November (Table 1) .
Clinical signs in the cattle included pyrexia, profuse mucopurulent nasal discharge, ulceration of the muzzle, bilateral diffuse corneal edema and axial ulceration, epiphora, photophobia, partial to complete blindness, diarrhea (nos. 1, 8, 9) , terminal convulsions (nos. 2, 5) , generalized multifocal nodular dermatitis (nos. 4, 5) and weight loss (nos. [2] [3] [4] [5] [6] [7] . Seven of the 9 affected cattle died (nos. 2, 8, 9) or were killed in extremis (nos. 3-6) following a clinical course lasting 2-90 days, and an eighth animal (no. 7) that had largely recovered was euthanized. One heifer (no. 1) survived an acute clinical course compatible with MCF and recovered com-
Materials and methods
Case history. The outbreak of MCF occurred on a ranch in central Wyoming. At the time of the index case (animal no. 1, Table 1 ), the enterprise consisted of a closed 230 beef cow herd, a closed replacement heifer herd of 84 animals, a Rambouillet sheep flock of 24 ewes and 2 rams, and 2 separate flocks of 1,200 and 200 sheep, respectively. The reg-pletely. Sick cattle on the premises were segregated from healthy animals and were examined clinically and treated on multiple occasions from February through November. Medical treatment of the 9 cattle comprised 1 or more of the following: procaine penicillin, flunixin meglumine, isoflupredone acetate, tripelennamine hydrochloride, dexamethasone, chlorpheniramine maleate, penicillin G procaine, dihydrostreptomycin, sulfadimethoxine, ceftiofur sodium, oxytetracycline, and dipyrone monohydrate. The index case (animal no. 1, Table 1 ) had typical clinical signs of acute MCF, including fever, bilateral corneal edema, nasal discharge, and anorexia for 6 days, was treated on 2 occasions with procaine penicillin and a mixture of dexamethasone, penicillin G procaine, dihydrostreptomycin and chlorpheniramine maleate, and thereafter recovered "completely," according to the owner. This heifer was returned to the main heifer herd on open range in April, and when reexamined in August 1993 she was pregnant, her physical condition was good, and no corneal lesions were detected by penlight examination. Detailed ocular examination was not attempted. Her body weight was 50 kg less than that of her cohorts, and multiple ulcers were present in buccal mucosa. Two cattle that had survived 69 days of CS (no. 6) and 73 days of CS (no. 7) were transported to the Wyoming State Veterinary Laboratory (WSVL) for additional studies.
Clinical examination and clinical pathology. Two heifers were studied at WSVL for 21 days (69-90 days of CS; animal no. 6) and 33 days (73-105 days of CS; animal no. 7). No medications were given to either animal for the duration of their stay at WSVL. Both animals were weighed and examined clinically at weekly intervals until necropsy examinations were performed. Blood was drawn for hematologic examination on the ranch and at WSVL on 4 occasions from heifer no. 6 (5 1-88 days CS) and on 6 occasions from heifer no. 7 (44-105 days of CS). Ocular examination, using transillumination, biomicroscopy, and indirect ophthalmoscopy, was performed on both heifers between 79 and 92 days of CS. Heifer no. 6 was euthanized because recrudescent disease developed and she was unlikely to survive. Heifer no. 7 was euthanized, once sufficient clinical data were obtained that indicated recovery, to establish whether lesions compatible with MCF were present, particularly in the vasculature.
Pathology. A comprehensive range of tissue samples from 4 euthanized heifers (nos. [4] [5] [6] [7] were fixed in phosphate-buffered neutral 10% formalin or in Zenker's-acetic solution (eyes), and a limited range of tissues was collected from cow nos. 8 and 9. Following fixation, tissues were dehydrated, embedded in paraffin wax, sectioned at 5 µm, and stained with hematoxylin and eosin. Selected tissues were stained with the Verhoeff-Van Gieson (VVG) method for elastin, a trichrome stain for collagen and smooth muscle, Perls method for iron, the Giemsa technique, the periodic acid-Schiff technique, Gram's stain, Alcian blue (pH 2.5) for acid mucins, 14,55 and toluidine blue for sulfated and carboxylated mucins. 14 Sections of formalin-fixed tissues from 6 affected cattle were stained for factor VIII-related antigen" (primary antibody dilution: 1:1,500) and α-actin b (primary antibody dilution: 1:80) using an avidin-biotin complex (ABC) reaction kit c and 3,3'-diaminobenzidine tetrachloride/nickel chloride. d Positive controls consisted of sections of lightly for-malin-fixed adult canine skin (for factor VIII-related antigen in intradermal endothelium) and neonatal bovine spleen (for α-actin isoform in smooth muscle cells in tunica media of arteries). 47 For ultrastructural studies, samples of carotid rete and renal cortex were collected from animal nos. 6 and 7 within 60 min of death, diced to 2 mm 3 , and fixed in a mixture of 2% paraformaldehyde-2% glutaraldehyde in 0.1 M Sorensen's phosphate buffer (pH 7.2) at room temperature. Following fixation, tissues were diced to 1 mm 3 , postfixed in osmium tetroxide, dehydrated through an ethyl alcohol-propylene oxide series, embedded in epoxy resin, sectioned with an ultramicrotome, contrasted with uranyl acetate-lead citrate, and examined using an electron microscope.
Microbiology. A range of samples (lung, liver, kidney, skin, trachea, lymph node, and/or peripheral leukocytes) were examined by direct fluorescent antibody staining e for antigens of bovine herpesvirus 1 (BHV-1) (animal nos. 4-9), bovine herpesvirus 4 (BHV-4) (animal nos. 4, 5, 8, 9) , and bovine viral diarrhea virus (BVDV) (animal nos. 4, 5, 7, 9) . Virus isolation by three serial passages on primary bovine embryonic kidney cells was attempted on various samples from 6 cattle (conjunctiva, thymus, spleen, kidney, and/or lymph node; animal nos. 4-9) and from 5 ewes in the Rambouillet flock selected at random (peripheral leukocytes). Inoculated monolayers were observed daily for cytopathic effect. At the end of 4-5 wk, cultures were fixed in acetone, stained, and examined for detection of BVDV antigen. Cultures were considered negative when neither cytopathogenicity nor positive staining for BVDV antigen was observed. Negative stain electron microscopy was performed on various homogenized tissues (lymph node, liver, kidney, and/or trachea) from 3 cattle (nos. 4, 8, 9) .
Serology, polymerase chain reaction. Anti-MCF antibody was detected using a CI-ELISA based on a monoclonal antibody (15-A) that binds to an antigenic epitope on the envelope glycoprotein complex that is widely conserved among known isolates of the MCF virus, which was obtained using a viral isolate from a cow with SA-MCF in Minnesota. 20, 27 The test specifically detects anti-MCF antibody and can be applied to sera from a number of ruminant species. 27 The assay was run using Immulon 4 polystyrene plates f coated with 0.25 µg of purified antigen from MCF virus propagated in fetal mouflon sheep (Ovis ammon musimon) kidney cells. For screening, sera were run routinely at a dilution of 1:10 and were considered positive when they inhibited the ELISA reading by more than 3 standard deviations greater than the mean inhibition level using a panel of 6 negative control animals. 27 A level of inhibition that was less than this was considered a negative result. Sera were examined at least once from 5 of the 9 affected cattle when they had CS for 20-137 days. Serum was collected on 4 occasions (52-89 days of CS) from animal no. 6 and on 7 occasions (42-100 days of CS) from animal no. 7. Sera were also collected from 48 sheep in the Rambouillet flock 77 days after onset of clinical disease in the index case and from 76 surviving yearling heifers either 137 or 158 days after onset of clinical disease in the index case. Peripheral blood leukocytes were collected from animal no. 1 and her 1994 calf in May 1994, 14 months after she developed MCF-like signs, and were examined using a polymerase chain reaction (PCR) for unique sequences of the sheep-associated agent of MCF (ovine herpesvirus-[OHV-2]). 3
Results
Clinical and laboratory findings. Heifer no. 6 was depressed for approximately 14 days, at which time appetite and demeanor improved. By 51 days of CS, she had lost 75 kg, was blind and afebrile, and circled to the right when disturbed. Oral ulcers and nystagmus were present. During the 21 days (69-90 days of CS) spent at WSVL, her clinical condition and body weight (280 kg) remained essentially unchanged. Complete blindness persisted, accompanied by nystagmus, epiphora, nasal and temporal paracentral corneal ul- ceration, stromal vascular keratitis, severe corneal edema, and anterior uveitis ( Fig. 1 A, 1 B ). Oral ulcers healed by granulation tissue formation. She remained afebrile, and her appetite was good. Hematology values over 37 days (51-88 days of CS) were essentially normal, apart from a relative neutrophilia (64% segmented neutrophils, 33% lymphocytes; 5.05 x 10 3 /µ1 leukocytes) at 88 days of CS, when her clinical condition had begun to deteriorate. Between 86 and 89 days of CS, she was afebrile but became increasingly more depressed and weak and circled to the right for longer periods (30 minutes) when fed or handled. At 89 days of CS, there was profuse mucopurulent nasal discharge accompanied by hyperventilation (74 breaths/min) ( Fig. 1A) . Heifer no. 7 was also acutely depressed and anorectic Superficial vascular keratitis and peripheral iridial for approximately 14 days. During the 33 days (73-swelling also underwent partial resolution. Hematol-105 days of CS) spent at WSVL, body weight increased ogy values over 52 days (53-105 days of CS) were steadily from 318 kg on arrival to 360 kg at necropsy, essentially normal, apart from leukopenia (2.9 x 10 3 / and bilateral corneal edema resolved from. approxi-µl) at 53 days of CS. In spite of this gradual improvemately 75% of the surface area to 25% ( Fig. 2A, 2B) . ment, multiple ulcers developed and healed recurrently at the commissures of the lips, inside the upper lip, and on the dental pad.
Pathology. Gross and histologic lesions in cattle with CS for ≤39 days were typical of published descriptions for the vascular, 28 cutaneous, 50 ocular 54 and lymph node lesions of MCF. 1 Gross lesions were dehydration, serous atrophy of fat, regional lymph node enlargement, petechiation and multifocal 1-mm white foci throughout the renal cortex, generalized nodular exudative dermatitis (2 animals), ulcerative stomatitis-glossitis (2 animals), and mild hemorrhagic cystitis (1 animal) . Microscopically, in multiple tissues, including kidney, carotid rete, posterior ciliary artery, cerebral and spinal leptomeninges, heart, liver, ethmoturbinate, and lung, there was severe segmental lymphocytic arteritis and to a lesser extent phlebitis, with multifocal necrosis of myocytes in tunica media. Intimal thickening was absent in animal no. 8. In animal nos. 4 and 5, which had CS for 20 and 39 days, respectively, intimal plaques occurred in a minority of arteries and were composed of plump spindle-shaped α-actin-positive cells that partly or completely occluded vascular lumina (Fig. 3A, 3B ). Focal destruction of the tunica media, with resultant attenuation, was evident adjacent to some intimal plaques. Other lesions in these animals included nonsuppurative encephalomyelitis, lymphoid hyperplasia in paracortical zones of enlarged nodes, interstitial nephritis, lymphocytic cystitis, erosive and ulcerative stomatitis and esophagitis, vesicular dermatitis with suprabasilar epidermal necrosis, and angiocentric lymphocytic panophthalmitis. Lymphocytoid cells predominated in inflammatory infiltrates.
In contrast to these animals, the 3 cattle, that survived for longer periods after onset of CS (90 days, no. 6; 105 days, no. 7; 150 days, no. 9) had markedly enlarged, tortuous, thick-walled vessels in the kidneys (Fig. 4 ) and carotid rete. Grossly enlarged vessels also occurred in the thymus, lymph nodes, and spinal leptomeninges (no. 6) and in the uterine broad ligaments (no. 7). Other gross lesions in heifer no. 6 were serous atrophy of fat, diphtheritic rhinitis of right dorsal nasal concha, ulcerative cheilitis, marked renal enlargement with multifocal hemorrhages (left kidney: 1.24 kg; right kidney: 1.3 kg), markedly hypertrophied renal lymph nodes, and bilateral corneal edema with fibrin-like material in the anterior chamber. Cerebrospinal fluid, collected immediately after death, was clear and clotted within 1 hour of collection. The carcass of heifer no. 7 was in good condition with abundant body fat; gross lesions comprised multifocal ulcerative cheilitis and glossitis, numerous healed stellate ulcers in abomasal mucosa, excess clear pericardial fluid, bilateral edema of axial cornea, and scant fibrin-like material in the anterior chambers. The principal gross lesion in cow no. 9 was severe diffuse hemorrhagic colitis.
The vascular lesions in animal nos. 6, 7, and 9 were characterized by 4 distinctive features: 1) marked concentric intimal thickening due to subendothelial proliferation of spindle-shaped cells that stained positively for α-actin and negatively for factor VIII-related antigen, 2) abundant intercellular matrix in intimal plaques that stained strongly for proteoglycans using Alcian blue and toluidine blue, 3) segmental attenuation or complete loss of the tunica media, and 4) multifocal disruption of the inner elastic lamina (Figs. 5A, 5B, 6-9). Vasculitis was mild or moderate in animal nos. 6 and 9, respectively (Figs. 5A, 7, 8) , and was essentially absent in most vessels of animal no. 7 (Figs. 5B, 6, 9) . Adventitial, medial, and intimal infiltrates were composed of lymphocytes, plasmacytes, hemosiderin-laiden macrophages, neutrophils, and mast cells. Many vessels were completely occluded by intimal plaques. Multifocal intimal and medial neovascularization was present in animal nos. 6 and 9 (Fig. 7) , and absent in no. 7. Other microscopic lesions included nonsuppurative encephalomyelitis with gliosis and mild (no. 7) or severe (no. 6) angiocentric pleocellular panophthalmitis with corneal edema, ulceration, neovascularization and fibroplasia, focal degeneration of corneal (Descemet's) endothelium, and lymphocytic interstitial nephritis.
Ultrastructural examination of intimal plaques in the kidney and carotid rete of animal nos. 6 and 7 confirmed that the predominant cellular component was smooth muscle cells. Typically, such intimal cells had a basal lamina and subplasmalemmal dense bodies and vesicles and bundles of actin-like filaments (contractile phenotype) 22, 47 (Fig. 10) . A small proportion of intimal myocytes, which were most common in animal no. 6, had a well-developed rough endoplasmic retic-abundant extracellular matrix in intimal plaques conulum, many large stacked Golgi cisternae, and few sar-sisted of banded collagen, elastin, fine reticulated ficoplasmic dense bodies and actin-like filamentous brillar strands, fibrin, unstained matrix, and cellular bundles (synthetic phenotype) 22, 47 (Fig. 11 ). Intimal cells debris (Fig. 12) . The predominant inflammatory cell with both contractile and secretory features (interme-type in affected arteries were large lymphoblastoid cells diate phenotype) were also present (Figs. 11, 12) . The with irregularly indented nuclei and an electron-lucent, Figure 6 . Carotid rete of animal no. 7 (105 days of CS), stained for factor VIII-related antigen. The narrow vascular lumen is surrounded by positively stained endothelium. Note "onion-skin" hyperplasia of cells internal to the crenelated internal elastic lamina (arrowhead). A light mononuclear cell infiltrate is in the tunica adventitia. The epiadventitial endothelium is also positively stained for factor VIII-related antigen. ABC procedure. Bar = 25 µm. organelle-poor cytoplasm. Complex plasmalemmal inoverlying plaques formed an intact monolayer ( Fig.  terdigitations occurred between adjacent lymphoblasts 10) . No viral structures were found. (Fig. 13) . Some small lymphocytes, macrophages, and
Microbiology. There was no evidence of BVDV or plasmacytes were also present ( Fig. 10) . Endothelium BHV1 in any of the samples examined. No viral agents were isolated from any samples, including peripheral in lambs (1/24) and of 75% in sheep older than 1 year leukocytes from 5 in-contact sheep. Tissues from 3 (18/24). affected cattle examined using a fluorescent antibody conjugate specific for BHF-4 contained a small proportion of cells with bright fluorescence of both nucleus Discussion and cytoplasm (thymus, animal no. 4; lymph node, All 9 affected cattle in this outbreak probably repanimal no. 5; kidney and lymph node, animal no. 8). resented cases of MCF. The presence of vasculitis com-Serology. Two of the 5 affected heifers from which bined with clinical signs of pyrexia, intense oronasal serum was available developed levels of anti-MCF an-and conjunctival inflammation, corneal edema and tibody that were detectable by CI-ELISA (nos. 6, 7) . dermatitis, a history of recent contact with lambing Animal no. 6 was seronegative at 52 days of CS and ewes, positive PCR results in 1 surviving animal, and was seropositive (1:40-1:80) at 73, 80, and 89 days of the development of anti-MCF antibody in some of the CS. Animal no. 7 was seropositive (1:20-1:80) at 42-sheep and cattle support such a diagnosis. Attempts to 100 days of CS, with peak titers at 56 and 100 days of incriminate other infectious agents, particularly BHV-1 CS. Three other affected cattle were seronegative when and BVDV, were unsuccessful. No AHV-1 -like agents blood was sampled at 20 (no. 4), 39 (no. 5), and 139 were isolated from any of the cattle, which is consistent days (no. 1) after onset of clinical disease. Six of the with the recognized difficulties in cultivating the SA-76 healthy cattle that remained in the original heifer MCF virus. 36 BHV-4 (bovine "cytomegalovirus"), or herd were seropositive when examined 5 months after an antigenically related agent, was detected in tissues MCF developed in the index case. Amplified fragments of 3 affected cattle. BHV-4 is generally regarded as an of DNA specific for a unique sequence of OHV-2 DNA 3 ubiquitous nonpathogenic agent that can be found cowere detected by PCR in peripheral blood lymphocytes incidentally when examining tissue specimens from a that were collected from animal no. 1 14 months after wide variety of diseases, 17 including MCF. 52 It shares she developed MCF-like disease; peripheral blood some antigens with 43, 44, 52, 53 but BHV-4 does lymphocytes from her 1994-born calf were also PCR not induce MCF when inoculated experimentally into positive. In the Rambouillet flock, 19 of 48 sheep were cattle. 11, 12, 33 Based on its genomic structure, BHV-4 has seropositive (39.6%), with an overall prevalence of 4% been proposed as a member of the Gammaherpesvi- rinae. 40, 53 It is of uncertain but doubtful significance in this outbreak.
The duration of clinical signs in SA-MCF is generally short (less than 7 days), and affected cattle usually die. 36 A distinctive feature in the present outbreak was that 4 of 9 cattle with MCF (nos. 1, 6, 7, 9, Table 1 ) survived for extended periods (≥90 days) following onset of typical clinical signs. The index case (no. 1) survived an acute MCF-like disease, but the initial diagnosis of MCF is presumptive because histopathologic confirmation was not attempted. Another animal (no. 9) had mild persistent ocular disease for 2 months beginning 150 days before terminal disease developed; the chronic vascular lesions found at necropsy suggest that this was an episode of mild acute MCF. We have no explanation as to why the clinical outcome in individual animals with MCF in this outbreak was so atypical, but one or more of the medications given to acutely ill cattle may have altered the disease course. There is limited evidence that corticosteroids induce either remission 30 or recrudescence 25 of MCF in ruminants. Corticosteroids were used in the current outbreak, although dosages were small and they were given infrequently. Both cattle that developed recrudescent MCF were not treated with corticosteroids for at least 3 weeks before onset of recrudescence.
The cattle that survived to 90, 105, and 150 days after onset of acute clinical disease had disseminated chronic vascular lesions that were distinct from those found in acute MCF. Lymphocytic vasculitis is the preeminent lesion of acute MCF, and proliferative intimal lesions are generally absent. 5, 28 By contrast, the 3 surviving cattle examined histologically developed segmental proliferative concentric fibromuscular inti-ma1 plaques, and vasculitis was not a prominent feature. Other vascular changes found in these animals, and generally absent in acute MCF, 28 were attenuation of the tunica media, vascular occlusion with recanalization, and disruption of the inner elastic lamina. A similar proliferative vasculopathy developed in a Formosan sika fawn with dexamethasone-induced recrudescence of MCF due to There are striking analogies between the concentric proliferative arteriopathy in SA-MCF survivors and conditions in which endothelial damage occurs, such as direct injury of arterial surfaces by parasitism (elaeophoriasis, 39 dirofilariasis 45 ), balloon catheter de-endothelialization, 51 cardiac anomalies with pulmonary arterial hypertension, 39 and accelerated arteriosclerosis in transplanted organs such as heart, 6,26 liver, 16 or kidney? Infection of vascular wall components (smooth muscle cells, endothelial cells, or both) by herpesviruses 18 and lentiviruses 13 is also associated with smooth muscle cell hyperplasia and progression to obliterative arteriopathy and, in some infections, 18, 19, 31 atherosclerosis. Vascular lesions in the cattle examined for this study had no evidence of progression to atheromata, such as calcification, intimal ulceration, ex-tracellular lipid and cholesterol, or lipid-laiden macrophages and smooth muscle cells. 39, 41 The unifying concept in many obliterative arteriopathies is that the primary insult involves endothelial damage with subsequent secretion by endothelial cellsor by platelets, macrophages, and T cells mobilized by damaged endothelium-of mitogens for smooth muscle cells, such as platelet-derived growth factor (PDGF). By analogy with vasculopathies in other species, proliferating smooth muscle cells were probably derived from resident myocytes in the tunica media and possibly from activated resident myocytes in tunica intima. 47 The abundant extracellular matrix of intimal plaques in other proliferative arteriopathies is produced by synthetic myocytes, 29, 47, 55 and such cells were present in damaged arteries that were examined ultrastructurally from 2 cattle.
We speculate that intimal smooth muscle hyperplasia in chronic MCF arteriopathy is the result of sustained injury to arterial endothelium, possibly due to persistent latent infection of endothelium by the SA-MCF virus, leading to direct or indirect endothelial cell-modulated secretion of PDGF or similar mitogens. Persistent latent infection of endothelium and smooth muscle cells occurs in other herpetic infections, 18, 19, 23 and our failure to visualize virus in endothelium or smooth muscle cells in this study may reflect the limitations of electron microscopy and the paucity of detectable virus. More sensitive detection techniques, such as the use of a PCR with SA-MCF-specific DNA probes, 3, 8 may establish a relationship between vascular lesions and the presence of virus. It is also possible that the proliferative vascular lesions were the result of repair following severe destructive vasculitis.
Serology confirmed the presence of anti-MCF antibody in 2 chronically affected heifers and detected seroconversion in 1 of the 2 animals between 7 and 10 weeks after MCF developed. Survival of 2 seropositive cattle with MCF for an extended period suggests the existence of herpesviral latency in cattle infected with the SA-MCF agent, perhaps analogous to the situation reported in AHV-1-infected cattle. 36 Failure to detect anti-MCF antibody in 2 cattle that were sampled after a clinical course of 20 and 39 days, respectively, and in the index case that recovered and was sampled 139 days after clinical signs developed suggests that seropositivity develops slowly 24 and is short lived. Detection by PCR of unique sequences of OHV-2 DNA in peripheral blood lymphocytes from 1 animal that survived MCF-like disease for 14 months is consistent with a report that in those few cattle that survive the acute phase of SA-MCF persistent infection results. 3 The calf born to this cow 1 year after the start of the MCF outbreak was also PCR positive for OHV-2 DNA, suggesting either transplacental transmission,' which is reported in AHV-1 infection, 37 or early postnatal infection. The significant Seroprevalence in the sheep flock associated with the outbreak is consistent with studies using other seroassays for MCF antibody. The striking difference in antibody prevalence between lambs < 1 year of age and older sheep suggests a strong relationship between either age of infection or age of immune responsiveness to the virus. 27 The existence of a specific CI-ELISA may enable more definitive epidemiologic studies of this agent. Such studies are currently underway.
